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(54) NITRIDE SEMICONDUCTOR LIGHT EMITTING DIODE 

(57)Abstract; 

PROBLEM TO BE SOLVED: To provide a nitride semiconductor light emitting 
diode having an emission peak wavelength of 370 nm or below in which a good 
ohmic contact can be obtained and emission output can be enhanced by 
suppressing self absorption. 

SOLUTION: An active layer comprises a nitride semiconductor layer having an 
emission peak wavelength of 370 nm or below. A p-type contact layer comprises a 
first p-type contact layer containing AlaGa1-aN (0<a<0.05) heavily doped with a 
p-type impurity on the side touching the p electrode, and a second p-type contact ^ 
layer touching the first p-type contact layer on the active layer side thereof and h 
containing AlbGa1-bN (0<b<0.1) having Al compositional ratio higher than in the 
first p-type contact layer and doped with a p-type impurity at a lower 
concentration than in the first p-type contact layer. Further, an n-type contact 
layer touching an n electrode contains AldGa1-dN (0<d<0.1). 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 

[Claim(s)] 

[Claim 1] In the nitride semiconductor device which has n mold nitride 
semi-conductor layer, a barrier layer, and p mold nitride semi-conductor layer at 
least on a substrate An emission peak wavelength consists [ said barrier layer ] of a 
nitride semi-conductor layer 370nm or less. As said p mold nitride semi-conductor 
layer 1st p mold contact layer to which p mold contact layer which touches p 
electrode comes to contain AlaGa1-aN (0<=a<0.05) which contains p mold impurity 
by high concentration in the side which touches p electrode, 1st p mold contact 
layer is touched at the barrier layer side of said 1st p mold contact layer. It comes 
to be formed from 2nd p mold contact layer which contains p mold impurity by low 
concentration from 1st p mold contact layer, and comes to contain AlbGa1-bN (0< 
b<0.1) with aluminum presentation ratio still higher than 1st p mold contact layer. 
Furthermore, nitride semi-conductor light emitting diode with which n mold contact 
layer which touches n electrode is characterized by coming to contain AldGa1-dN 
(0< d<0.1) as said n mold nitride semi-conductor layer. 

[Claim 2] Nitride semi-conductor light emitting diode according to claim 1 with which 
1st p mold contact layer which touches said p electrode is characterized by coming 
to contain p mold impurity 1x1019 to 1x1022-/cm3. 

[Claim 3] Nitride semi-conductor light emitting diode according to claim 1 or 2 with 
which said 2nd p mold contact layer is characterized by coming to contain p mold 
impurity three or less 1x1020-/cm. 

[Claim 4] Nitride semi-conductor light emitting diode according to claim 1 which the 
thickness of 1st p mold contact layer in said p mold contact layer is 100-500A, and 
is further characterized by the thickness of 2nd p mold contact layer being 
400-2000A. 

[Claim 5] Nitride semi-conductor light emitting diode according to claim 4 with which 
said n mold contact layer is characterized by coming to contain n mold impurity 
1x1017 to 1x1019-/cm3. 

[Claim 6] Nitride semi-conductor light emitting diode according to claim 1 
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characterized by having the 1st nitride semi-conductor layer which comes to 
contain AleGa1~eN (0< e<0.3) between said barrier layer and n mold contact layer, 
and having further the 2nd nitride semi-conductor layer which comes to contain 
AlfGalHTsI (0< f<0.4) between said barrier layer and p mold contact layer. 
[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the nitride semi-conductor light 
emitting diode with which an emission peak wavelength emits light to an 
ultraviolet region 370nm or less especially about the nitride semiconductor device 
(InXAlYGal-X-YN, 0 <=X, 0<=Y, X+Y<=l) used for light emitting devices, such as 
light emitting diode (LED), a laser diode (LD), a solar battery, and a photosensor, 
and a photo detector. 
[0002] 

[Description of the Prior Art] In recent years, ultraviolet [ LED ] is usable. For 
example, the nitride semiconductor device which comes to carry out the laminating 
of a GaN buffer layer, an n mold GaN contact layer (thickness- 4 micrometers), an 
n mold AlGaN cladding layer, the barrier layer (for most In presentations to be 
zero) of Undoping InGaN, a p mold AlGaN cladding layer, and the p mold GaN 
contact layer (thickness- 0.12 micrometers) on silicon on sapphire is indicated by 
application physics, the 68th volume, No. 2 (1999), and pl52-pl55. And since n 
mold and p mold contact layer are GaN(s) when, as for ultraviolet [ this / LED ], 
luminescence wavelength is made into short wavelength from this to a radiant 
power output being 5mW when a luminescence peak is 371nm under fixed 
conditions, a self- absorption starts, and it is indicated that a radiant power output 
becomes low rapidly. Furthermore, in order to prevent the fall of this radiant power 
output and to enable short wavelengtlrization of oscillation wavelength, it is 
suggested that a self- absorption can be prevented by setting n mold and p mold 
contact layer to AlGaN. 
[0003] 

[Problem(s) to be Solved by the Invention] However, if a contact layer is only grown 
up into extent which can fully prevent a self- absorption by high AlGaN of 
aluminum presentation ratio, the good ohmic contact to an electrode will become is 
hard to be acquired. It is thought that as for this cause the good ohmic contact to 
an electrode will become is hard to be acquired since AlGaN causes inactivation of 
a dopant in physical properties or fluctuation probably arises to the difference of a 
work function with the metal which serves as an electrode by fluctuation of Fermi 
level. The fall of such ohmic contact is large in p mold contact layer. Moreover, if 
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many impurities are doped in a contact layer in order to improve the point as for 
which ohmic contact becomes inactivation of a dopant arises by including 
aluminum presentation as mentioned above, and is hard to be acquired, since 
impurity level will be formed in proportion [ almost ] to the amount of an impurity, 
a self-absorption may become large on the contrary, and a radiant power output 
may decline by crystalline fall etc. 

[0004] Furthermore, although reducing a self-absorption relatively is also 
considered by making thickness thin by setting a contact layer to GaN, when 
thickness of p mold contact layer is made thin, for example, a component property 
becomes less enough, and if thickness of n mold contact layer is made thin, it will 
become difficult further to make it expose, while actuation becomes complicated, in 
case n mold contact layer is exposed. 

[0005] Thus, although a self- absorption will arise [ the emission peak wavelength 
in the conventional technique ] in a contact layer in light emitting diode 370nm or 
less and a radiant power output will decline, if the amount of dopes of an impurity 
is made to increase in order for the fall of ohmic contact to arise and to acquire 
ohmic contact further, if a contact layer is only grown up as AlGaN in order to 
prevent the self-absorption by GaN, a self- absorption will arise by formation of 
impurity level, or the increment in a crystal defect. Therefore, to make ohmic 
contact good with prevention of a self-absorption is desired. 

[0006] Then, the purpose of this invention is that control a self- absorption and the 
emission peak wavelength which a radiant power output can improve offers nitride 
semi-conductor light emitting diode 370nm or less while good ohmic contact is 
acquired. 
[0007] 

[Means for Solving the Problem] That is, this invention can attain the purpose of 
this invention by the configuration of following the (l) - (6). 

(l) In the nitride semiconductor device which has n mold nitride semi-conductor 
layer, a barrier layer, and p mold nitride semi-conductor layer at least on a 
substrate An emission peak wavelength consists [ said barrier layer ] of a nitride 
semi-conductor layer 370nm or less. As said p mold nitride semi-conductor layer 
1st p mold contact layer to which p mold contact layer which touches p electrode 
comes to contain AlaGal-aN (0<=a<0.05) which contains p mold impurity by high 
concentration in the side which touches p electrode, 1st p mold contact layer is 
touched at the barrier layer side of said 1st p mold contact layer. It comes to be 
formed from 2nd p mold contact layer which contains p mold impurity by low 
concentration from 1st p mold contact layer, and comes to contain AlbGal-bN (0< 
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b<0.l) with aluminum presentation ratio still higher than 1st p mold contact layer. 
Furthermore, nitride semi-conductor light emitting diode with which n mold 
contact layer which touches n electrode is characterized by coming to contain 
AldGal-dN (0< d<0.l) as said n mold nitride semi-conductor layer. 

(2) Nitride semi-conductor light emitting diode given in the above (l) whose 1st p 
mold contact layer which touches said p electrode is characterized by coming to 
contain p mold impurity 1x1019 to Ixl0227cm3. 

(3) The above (l) said whose 2nd p mold contact layer is characterized by coming to 
contain p mold impurity three or less 1x10207cm, or nitride semi-conductor light 
emitting diode given in (2). 

(4) Nitride semi-conductor light emitting diode given in the above (l) characterized 
by for the thickness of 1st p mold contact layer in said p mold contact layer being 
100-500A, and the thickness of 2nd p mold contact layer being 40O2000A further. 

(5) Nitride semi-conductor light emitting diode given in the above (4) said whose n 
mold contact layer is characterized by coming to contain n mold impurity 1x1017 to 
Ixl0197cm3. 

(6) Nitride semi-conductor light emitting diode given in the above (l) characterized 
by having the 1st nitride semi-conductor layer which comes to contain AleGal-eN 
(0< e<0.3) between said barrier layer and n mold contact layer, and having further 
the 2nd nitride semi-conductor layer which comes to contain AlfGal-fN (0< f<0.4) 
between said barrier layer and p mold contact layer. 

[0008] This invention sets n mold contact layer to AlGaN which consists of a 
specific aluminum presentation ratio. Further p mold contact layer That is, 1st 
small p mold contact layer of aluminum presentation ratio with high p mold high 
impurity concentration, By p mold high impurity concentration forming from 2nd 
low p mold contact layer with high aluminum presentation ratio, and coming to 
form the 1st contact layer with high p mold high impurity concentration in the side 
which touches p electrode While good ohmic contact is acquired, a self-absorption 
can be controlled, and the good emission peak wavelength of a radiant power 
output can obtain nitride semi-conductor light emitting diode 370nm or less. The 
relative relation in 1st p mold contact layer and 2nd p mold contact layer which 
constitute p mold contact layer here in this invention low [ p mold high impurity 
concentration in p mold contact layer is high, or ] as aluminum presentation ratio 
is high or it is low is shown. 

[0009] If this invention person includes aluminum presentation only for prevention 
of a self- absorption as described above The result which was attached to the point 
referred to as causing the fall of ohmic contact, and was variously examined by 
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inactivation of an impurity etc., It considered setting n mold contact layer to AlGaN 
of specific aluminum presentation ratio, and making thickness into two-layer 
structure with the layer of a secured **** sake, in order to maintain the layer and 
component property for acquiring ohmic contact for p mold contact layer further. 
And 1st p mold contact layer to which this invention person touches low p electrode 
of aluminum presentation ratio with high p mold impure concentration as 
mentioned above, By combining with n mold contact layer which forms p mold 
contact layer in 2nd p mold contact layer with high aluminum presentation ratio 
with low high impurity concentration, and consists of a further specific aluminum 
presentation ratio Prevention of a self- absorption of ohmic contact was attained 
good, and it attained obtaining the good nitride semi-conductor light emitting diode 
of a radiant power output. 

[0010] Furthermore, in this invention, 1st p mold contact layer is desirable in p 
mold impurity, at 1x1019 to Ixl0227cm3, and the point of acquiring good ohmic 
contact, when it comes to contain 5x1020 to 5x102 17cm3 preferably. Furthermore, 
in this invention, when it comes to contain p mold impurity 5x1018 to 5xl0197cm3 
preferably three or less 1x10207cm, in order to maintain a component property, 
even if 2nd p mold contact layer thickens thickness of p mold contact layer, it is 
desirable at the point that a self-absorption can be prevented. 

[0011] Furthermore, in this invention, 100-500A, if the thickness of 1st p mold 
contact layer in p mold contact layer is 150-300A preferably If thickness is thinly 
set up even if it makes p mold high impurity concentration high, while being able 
to perform the self-absorption by impurity level small relatively Ohmic contact to p 
electrode can be made good, and 400 2000A, while the thickness of 2nd p mold 
contact layer can prevent a self- absorption as it is 800- 1200A preferably, although a 
component property is maintained, it is still more desirable. 

[0012] furthermore, n mold contact layer in which this invention comes to contain 
aluminum n mold high impurity concentration ■- 1x1017 to Ixl0197cm3 - 
desirable - 1x1018 to Ixl0197cm3 - being certain -- ** ■- it is desirable at the 
point which maintains ohmic contact and raises a radiant power output with 
prevention of a self-absorption. Thus, when aluminum presentation ratio and n 
mold high impurity concentration of n mold contact layer are specified and 
combined, it is desirable like the case of p mold contact layer in respect of 
improvement in ohmic contact and crack prevention, and a radiant power output. 
[0013] This invention has the 1st nitride semi-conductor layer which comes to 
contain AleGal-eN (0< e<0.3) between said barrier layer and n mold contact layer. 
Further furthermore, between said barrier layer and p mold contact layer When it 
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has the 2nd nitride semi-conductor layer which comes to contain AlfGal-fN (0< 
f<0.4), the carrier to a barrier layer closes, eye ** can be made good, and it is 
desirable in respect of the improvement in a radiant power output. Furthermore, 
when each aluminum presentation ratio of the 1st nitride semi-conductor layer and 
the 2nd nitride semi-conductor layer is made into the above-mentioned range and 
aforementioned aluminum presentation ratio and the high impurity concentration 
of a contact layer are combined, prevention of crack initiation and ohmic contact 
can be made good, and it is desirable in respect of improvement in a radiant power 
output. Since said 1st nitride semi-conductor layer and the 2nd nitride 
semi-conductor layer have a function as a cladding layer, they make n mold 
cladding layer and the 2nd nitride semi-conductor layer p mold cladding layer for 
the 1st nitride semi-conductor layer hereafter in this invention. However, it is not 
limited to this. 
[0014] 

[Embodiment of the Invention] Drawing 1 is used for below and this invention is 
further explained to it at a detail. Drawing 1 is the typical sectional view of the 
nitride semiconductor device which is the gestalt of 1 operation of this invention. In 
drawing 1 , on a substrate 1 A buffer layer 2 and AldGal-dN (0< d<0.l) n mold 
contact layer 3, AleGal"eN which it comes to contain n mold cladding layer 4 which 
comes to contain (0< e<0.3), the barrier layer 5 of IngGal-gN (0<=g<0.l), p mold 
cladding layer 6 which comes to contain AlfGal-fN (0< f<0.4), and 2nd p mold 
contact layer 7b which comes to contain AlbGal-bN (0< b<0.l), It comes to carry 
out laminating growth of the p mold contact layer 7 which consists of the 1st p 
mold contact layer 7a which comes to contain AlaGal-aN (0<=a<0.05), and the 
nitride semiconductor device 370nm or less is indicated for the emission peak 
wavelength. And in contact with 1st p mold contact layer 7a of p mold contact layer 
7, p electrode is formed in n mold contact layer 3 for n electrode, respectively. First, 
n mold contact layer 3 of this invention and p mold contact layer 7 are indicated. 
[0015] In [n mold contact layer 3] this invention, it is the nitride semi-conductor 
layer which comes to contain AldGal-dN (0< d<0.1, preferably 0.01< d<0.05) at 
least as an n mold contact layer 3. It is desirable in respect of the crystallinity and 
ohmic contact by prevention of a self-absorption. [ be / aluminum presentation ratio 
/ the above-mentioned range ] furthermore, said n mold contact layer 3 - n mold 
impurity - 1x1017 to Ixl019-/cm3 - when preferably contained by the 
concentration of 1x1018 to Ixl0197cm3, it is desirable in respect of maintenance of 
ohmic contact, prevention of crack initiation, and crystalline maintenance. Thus, if 
aluminum presentation ratio and n mold high impurity concentration which 
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constitute n mold contact layer are combined, while being able to prevent a 
self- absorption, it is desirable in respect of ohmic contact or crack prevention. 
Especially as an n mold impurity, although not limited, Si, germanium, etc. are 
mentioned and it is Si preferably, for example. Although especially the thickness of 
n mold contact layer 3 is not limited, its 0.1-20 micrometers are desirable, and it is 
1-10 micrometers more preferably. It is desirable in respect of decline in the 
crystallinity (as a substrate) near an interface (for example, near an interface with 
n mold cladding layer), and resistivity by thickness being this range. 
[0016] In [p mold contact layer 7] this invention, it is formed as a p mold contact 
layer 7 from p mold contact layer 7with high p mold high impurity concentration 
which touches p electrode at least of ** low 1st of aluminum presentation ratio a, 
and 2nd high p mold contact layer 7b of aluminum presentation ratio with low p 
mold high impurity concentration. Thus, by forming p mold contact layer 7 in two 
kinds of layers from which p mold high impurity concentration and aluminum 
presentation ratio differ Good ohmic contact can be acquired by 1st p mold contact 
layer 7a, and even when p mold contact layer is adjusted to the thickness of extent 
which can maintain a component property further and thickness of 2nd p mold 
contact layer 7b is thickened, since aluminum presentation ratio is high, a 
self- absorption can be prevented. That is, in p mold contact layer 7, it becomes 
extent which can maintain a component property from two -layer [ with 2nd p mold 
contact layer 7b for securing thickness ], preventing 1st p mold contact layer 7a for 
acquiring ohmic contact, and a self- absorption. 1st p mold contact layer 7a and 2nd 
p mold contact layer 7b are explained below. 1st p mold contact layer 7a has high 
high impurity concentration compared with 2nd p mold contact layer 7b, and 
aluminum presentation ratio is set up low. 

[0017] As such 1st p mold contact layer 7a, the nitride semi-conductor layer which 
comes to contain AlaGal-aN (0<= a< 0.05, preferably 0< aO.Ol) can be mentioned. 
Even if it dopes p mold high impurity concentration to high concentration as 
aluminum presentation ratio is the above-mentioned range, inactivation of an 
impurity can be prevented, the good ohmic contact to p electrode can be acquired, 
and it is desirable. Moreover, when 1st p mold contact layer 7a comes to contain 
aluminum presentation within the limits of the above, it is desirable in respect of 
prevention of a self- absorption, and desirable also in respect of further crystallinity. 
Moreover, aluminum presentation ratio of 1st p mold contact layer 7a is 
[ above-mentioned ] within the limits, and it is adjusted so that it may become low 
from aluminum presentation ratio of 2nd p mold contact layer 7b. 
[0018] extent from which the ohmic contact to p electrode is acquired good 
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especially as p mold high impurity concentration of 1st p mold contact layer 7a 
although not limited - desirable - for example, - concrete - 1x1019 to 
Ixl022-/cm3 it is 5x1020 to 5xl0217cm3 preferably, p mold high impurity 
concentration can acquire ohmic contact good as it is the above-mentioned range, 
and it is desirable, p mold high impurity concentration of 1st p mold contact layer 
7a is above-mentioned within the limits, and it is adjusted so that it may become 
higher than the high impurity concentration of 2nd p mold contact layer 7b. 
Moreover, especially as thickness of 1st p mold contact layer 7a, although not 
limited, specifically, 100"500Ais 150-300A preferably that what is necessary is just 
the thickness of extent from which the ohmic contact to p electrode becomes good. 
It is desirable at the point of being able to prevent a self* absorption since thickness 
is comparatively thin even if it carries out aluminum presentation ratio to it being 
such thickness low, containing p mold impurity in high concentration further, and 
acquiring good ohmic contact. 

[0019] Next, as 2nd p mold contact layer 7b, it is the nitride semi-conductor layer 
which comes to contain AlbGal-bN (0< b<0.1, preferably 0.01< b<0.05). It is 
desirable in respect of prevention of a self- absorption like the case where it is n 
mold contact layer as aluminum presentation ratio is the above-mentioned range, 
and still more desirable also in respect of crystalhnity and ohmic contact. Moreover, 
aluminum presentation ratio of 2nd p mold contact layer 7b is above-mentioned 
within the limits, and it is adjusted so that it may become high from 1st p mold 
contact layer 7a. It is 5x1018 to 5xl0197cm3 preferably that 2nd p mold contact 
layer 7b contains p mold high impurity concentration of 2nd p mold contact layer 
7b in extent which shows p mold three or less lxl020-/cm desirably, for example, 
specifically, p mold high impurity concentration is desirable in respect of 
prevention of the self- absorption according that it is the above-mentioned range to 
formation of impurity level, p mold high impurity concentration of 2nd p mold 
contact layer 7b is above-mentioned within the limits, and is adjusted to low 
concentration from 1st p mold contact layer 7a. 

[0020] Especially as thickness of 2nd p mold contact layer 7b, although not limited, 
2nd 400-1200Ap mold contact layer 7b is 800- 1200A preferably. It is desirable at 
the point which can be adjusted to the thickness of extent which can maintain a 
component property, preventing a self-absorption as the thickness of 2nd p mold 
contact layer 7b is the above-mentioned range. Especially as a p mold impurity 
contained in p mold contact layer 7, although not limited, Mg is mentioned 
preferably, for example. 

[0021] Moreover, although 1st p mold contact layer 7a and 2nd p mold contact layer 
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7b which constitute p mold contact layer 7 have the part which high impurity 
concentration and aluminum presentation ratio overlap here as shown above Good 
effectiveness can be acquired by being adjusted so that 1st p mold contact layer 7a 
may have high high impurity concentration to 2nd p mold contact layer 7b and 
aluminum presentation ratio may become low in the range indicated, respectively. 
Temporarily, if p mold contact layer 7 is formed in a layer with high low layer of 
aluminum presentation ratio or high impurity concentration etc., even if ohmic 
contact is good, it will become that it can be hard to obtain both of prevention of a 
self- absorption with the good ohmic contact of prevention of a self- absorption being 
unsatisfying enough etc. Moreover, it constitutes so that prevention of ohmic 
contact and a self-absorption may be obtained by each layer, as it said that 
maintenance of a component property could do p mold contact layer 7 while good 
ohmic contact is acquired by 1st small p mold contact layer 7a of aluminum 
presentation ratio with high p mold high impurity concentration and it prevents a 
self- absorption by p mold contact layer 7with low p mold high impurity 
concentration of ** 2nd with large aluminum presentation ratio b. And the layer of 
1st p mold contact layer 7a and 2nd p mold contact layer 7b can act in 
multiplication, and the good component of a radiant power output can be obtained 
by prevention of good ohmic contact and a good self- absorption. Moreover, with the 
present nitride semi-conductor, p mold formation is difficult and prevention of the 
self- absorption by the side of the good ohmic contact especially by the side of p and 
p is more important than n mold by p side -face luminescence on a component 
structure target. 

[0022] Furthermore, the thing for which aluminum presentation ratio of n mold 
contact layer 3 is specified as mentioned above, specifying high impurity 
concentration preferably in addition to aluminum presentation ratio - in addition p 
mold contact layer 7 is formed by 1st p mold contact layer 7a with low aluminum 
presentation ratio with high p mold high impurity concentration, and 2nd high p 
mold contact layer 7b of aluminum presentation ratio with low p mold high 
impurity concentration, A self-absorption can be prevented more to fitness, without 
causing ************** anc [ the fall of ohmic contact, and it is more desirable in 
respect of improvement in a radiant power output. 

[0023] Furthermore, each class of others which constitute a component is explained 
below. 

In [substrate l] this invention, semi-conductor substrates, such as SiC (6H, 4H, 
and 3C are included), Si and ZnO besides the sapphire which makes a principal 
plane a sapphire C side, the Rth page, or the Ath page, and other insulating 
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substrates like a spinel (MgA 1204), GaAs, and GaN, can be used as a substrate 1. 
[0024] In [buffer layer 2] this invention, as a buffer layer 2, it is the nitride 
semi-conductor which consists of GahAll-hN (however, the range of h is 0< h<=l.), 
and the buffer layer 2 which it becomes more remarkable [ the presentation with 
the rate of aluminum it is desirable and smaller ] crystalline improving, and 
consists of GaN more preferably is mentioned. 0.002-0.5 micrometers of 0.005-0.2 
micrometers of thickness of a buffer layer 2 are preferably adjusted to the range of 
0.01-0.02 micrometers still more preferably. The crystal morphology of a nitride 
semi-conductor becomes good for the thickness of a buffer layer 2 to be the 
above-mentioned range, and the crystallinity of the nitride semi-conductor grown 
up on a buffer layer 2 is improved. The growth temperature of a buffer layer 2 is 
200-900 degrees C, and is preferably adjusted to the range of 400-800 degrees C. 
Growth temperature serves as good polycrystal with it being the above-mentioned 
range, and this polycrystal makes good the crystallinity of the nitride 
semi-conductor grown up on a buffer layer 2 as seed crystal and is desirable. 
Moreover, the buffer layer 2 grown up at such low temperature may be omitted by 
the class of substrate, the growth approach, etc. 

[0025] [n mold contact layer 3] It is the nitride semi-conductor which comes to 
contain AlGaN of the above-mentioned n mold impurity content. 
[0026] In [n mold cladding layer 4] this invention, although it is the presentation 
which becomes larger than the bandgap energy of a barrier layer 5, the carrier to a 
barrier layer 5 closes, and it will not be limited as an n mold cladding layer 4 
especially if eye ** is possible, as a desirable presentation, the thing of AleGal-eN 
(0< e<0.3, preferably O.K e<0.2) is mentioned. When n mold cladding layer 
consists of such AlGaN, it is desirable at the point which the carrier to a barrier 
layer shuts up. Although especially the thickness of n mold cladding layer is not 
limited, it is 0.01-0.1 micrometers preferably, and is 0.03-0.06 micrometers more 
preferably Although especially n mold high impurity concentration of n mold 
cladding layer is not limited, it is 1x1017 to Ixl0207cm3 preferably, and is 1x1018 
to Ixl0197cm3 more preferably. High impurity concentration is desirable 
resistivity and in respect of crystallinity in it being this range. 

[0027] n mold cladding layer can also be used as the multilayers layer (a 
superstructure is included) other than the above monolayers. In the case of a 
multilayers layer, it should just be the multilayers layer which consists of above 
AleGal-eN and a nitride semi-conductor layer with bandgap energy smaller than it, 
but, for example as a small layer of bandgap energy, InkGal-kN (0<=k<l) and 
AljGal-jN (0<=j<l, e>j) are mentioned. In the case of the monolayer in which 
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thickness much more in the case of a superstructure does not form more preferably 
100A or less of 70A or less of 10-40A and superstructures, it can be made into the 
layer which consists of the above-mentioned presentation although especially the 
thickness of each class which forms a multilayers layer is not limited. Moreover, 
even if there are few large layers of bandgap energy and small layers, either may 
be made to dope n mold impurity, when n mold cladding layer is a multilayers layer 
which consists of a large layer of bandgap energy, and a small layer of bandgap 
energy. Moreover, when doping in both the large layer of bandgap energy, and a 
small layer, the amount of dopes may be the same or may differ. 
[0028] In [barrier layer 5] this invention, a nitride semi-conductor of a presentation 
with which an emission peak wavelength is set to 370nm or less is mentioned as a 
barrier layer 5. The nitride semi-conductor of IngGal-gN (0<=g<0.l) is mentioned 
preferably. Although In presentation ratio of a barrier layer makes In presentation 
ratio small as an emission peak wavelength turns into short wavelength, In 
presentation ratio becomes almost close to zero. Especially as thickness of a barrier 
layer, although not limited, the thickness of extent from which the quantum 
effectiveness is acquired is mentioned, for example, it is 0.001-0.01 micrometers 
preferably, and is 0.003-0.007 micrometers more preferably. It is desirable in 
respect of a radiant power output in thickness being the above-mentioned range. 
Moreover, a barrier layer uses the above-mentioned IngGal-gN other than the 
above single quantum well structures as a well layer, and is better than this well 
layer also as multiplex quantum well structure where bandgap energy consists of a 
barrier layer which consists of a large presentation. Moreover, an impurity may be 
doped to a barrier layer. 

[0029] Moreover, especially if an emission peak wavelength is In presentation ratio 
used as 370nm or less as adjustment of In presentation ratio of a barrier layer, it 
will not be limited, but the value calculated, for example from the formula of the 
following theoretical value as a concrete value can be mentioned as an 
approximation- value. However, since the quantum level which takes quantum well 
structure is formed, the energy (Elambda) of wavelength becomes larger than the 
bandgap energy (Eg) of InGaN, and the wavelength which is made to actually emit 
light and is obtained tends to shift to a short wavelength side from the 
luminescence wavelength called for from a formula etc. 
[0030] [The formula of a theoretical value] 
Eg=(l-chi) 3.40+1.95chi-Bchi (l-chi) 

the presentation ratio of bandgap energy chimin of a wavelength (nm) 
=12407EgEg:lnGaN well layer -- the bandgap energy B^Boeing parameter of 
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bandgap energy 1.95(eV):lnN of 3.40(eV):GaN is shown, and it maybe l-6eV. Thus, 
although conventionally referred to as leV from SIMS analysis etc. in the latest 
research, having assumed that there was no distortion in a crystal, the Boeing 
parameter is changed because it is becoming clear for extent which distortion 
produces by the rate of In presentation ratio, the case where thickness is thin, etc. 
to differ, and to be set to leV or more. 

[0031] Although there is a difference a little, it is adjusted to the oscillation 
wavelength considered from concrete In presentation ratio called for from SIMS 
analysis of a well layer etc. as mentioned above, and the oscillation wavelength at 
the time of making it actually oscillate so that it may become the wavelength for 
which actual oscillation wavelength asks. 

[0032] In [p mold cladding layer 6] this invention, although it is the presentation 
which becomes larger than the bandgap energy of a barrier layer 5 as a p mold 
cladding layer 6, and it will not be limited especially if the carrier to a barrier layer 
5 shuts up and it can **, the thing of AlfGal-fN (0< f<0.4, preferably 0.15< f<0.3) is 
mentioned preferably. When p mold cladding layer consists of such AlGaN, it is 
desirable at the point which the carrier to a barrier layer shuts up. Although 
especially the thickness of p mold cladding layer is not limited, it is 0.01-0.15 
micrometers preferably, and is 0.04-0.08 micrometers more preferably. Although 
especially p mold high impurity concentration of p mold cladding layer is not 
limited, it is 1x1018 to Ixl021-/cm3 preferably, and is 1x1019 to 5xl0207cm3 more 
preferably. It is desirable at the point of reducing a bulk resistor, without reducing 
crystalhnity as p mold high impurity concentration is the above-mentioned range. 
[0033] p mold cladding layer can also be used as the multilayers layer (a 
superstructure is included) other than the above monolayers. In the case of a 
multilayers layer, it should just be the multilayers layer which consists of above 
AlfGal-fN and a nitride semi-conductor layer with bandgap energy smaller than it, 
but, for example as a small layer of bandgap energy, InkGal-kN (0<=k<l) and 
AljGal-jN (0<=j<l, f>j) are mentioned like the case of n mold cladding layer. In the 
case of the monolayer in which thickness much more in the case of a 
superstructure does not form more preferably 100A or less of 70A or less of 10-40A 
and superstructures, it can be made into the layer which consists of the 
above-mentioned presentation although especially the thickness of each class 
which forms a multilayers layer is not limited. Moreover, even if there are few 
large layers of bandgap energy and small layers, either may be made to dope p 
mold impurity, when p mold cladding layer is a multilayers layer which consists of 
a large layer of bandgap energy, and a small layer of bandgap energy. Moreover, 
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when doping in both the large layer of bandgap energy, and a small layer, the 
amount of dopes may be the same or may differ. 

[0034] [p mold contact layer 7] It is the nitride semi-conductor which comes to 
contain AlGaN of the above-mentioned p mold impurity content. 
[0035] Moreover, in this invention, various things can be used for p electrode and n 
electrode, are suitably chosen from a well-known electrode material etc., and are 
used for them. That the example as an electrode is indicated to be by the 
below-mentioned example is mentioned. Moreover, although this invention 
mentioned and explained drawing 1 as a gestalt of 1 operation of component 
structure, as long as an emission peak wavelength is 370nm or less and are specific 
n mold contact layer of above this inventions, and p mold contact layer, it can 
acquire the effectiveness of this invention and may form other layers for 
improvement in component properties, such as electrostatic pressure -proofing, 
forward voltage, and a life property, in addition to drawing 1 . 

[0036] Moreover, the component of this invention is performing annealing 
processing, in order to form the p side layer into p mold and to consider as low 
resistance. After growing up the gallium nitride system compound semiconductor 
with which p mold impurity was doped by vapor growth, it heat-treats at the 
temperature of 400 degrees C or more among the ambient atmosphere which does 
not contain hydrogen substantially, and the approach of using as p mold is 
mentioned by taking out hydrogen from the gallium nitride system compound 
semiconductor with which p mold impurity was doped, as indicated by patent No. 
2540791 as annealing processing. 
[0037] 

[Example] The example which is the gestalt of 1 operation of this invention is given 
to below, and this invention is further explained to it at a detail. However, this 
invention is not limited to this. 

[0038] The [example l] example 1 produces the nitride semiconductor device of 
drawing 1 . 

(Substrate 1) A front face is cleaned for the substrate 1 which consists of sapphire 
(C side) at 1050 degrees C among a hydrogen ambient atmosphere in a reaction 
container. 

[0039] (Buffer layer 2) Then, the buffer layer 2 which consists of GaN on a 
substrate 1 at 510 degrees C using ammonia and TMG (trimethylgallium) is grown 
up by about 200 A thickness among a hydrogen ambient atmosphere. 
[0040] (n mold contact layer 3) Next, TMG, TMA (trimethylaluminum), ammonia, 
and a silane (SiH4) are used at 1050 degrees C, and n mold contact layer 3 which 
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consists of n mold aluminumO.04GaO.96N which doped Si 5xl0187cm3 is grown up 
by 4-micrometer thickness. 

[0041] (n mold cladding layer 4) Next, TMG, TMA, ammonia, and a silane are used 
at 1050 degrees C, and n mold cladding layer 4 which consists of n mold 
aluminumO.18GaO.82N which doped Si 5xl0177cm3 is formed by 400 A thickness. 
[0042] (Barrier layer 5) Next, TMI, TMG, and ammonia are used at 700 degrees C 
among nitrogen- gas-atmosphere mind, and the barrier layer which consists of 
un doping InGaN is grown up by 55 A thickness. In presentation ratio is a minute 
amount (almost zero) at extent which cannot be measured. 

[0043] (p mold cladding layer 6) Next, TMG, TMA, ammonia, and Cp2Mg 
(magnesium cyclopentadienyl) are used at 1050 degrees C among a hydrogen 
ambient atmosphere, and p mold cladding layer 6 which consists of 
aluminum0.2Ga0.8N which doped Mg Ixl0207cm3 is grown up by 600A thickness. 
[0044] On p mold cladding layer 6, then, TMG, TMA, (p mold contact layer 7) 2nd p 
mold contact layer 7b which consists of aluminumO.04GaO.96N which doped Mg 
Ixl0197cm3 is grown up by 0.1 -micrometer thickness using ammonia and Cp2Mg. 
Then, 2nd p mold contact layer 7b which consists of aluminum0.0lGa0.99N which 
adjusted the flow rate of gas and doped Mg 2x102 17cm3 is grown up by 
0.02-micrometer thickness. 

[0045] A wafer picks out from a reaction container, the mask of a predetermined 
configuration forms in the front face of p mold contact layer 7 of the maximum 
upper layer, RIE (reactive ion etching) equipment performs etching from a p mold 
contact layer side, and after performing annealing for a wafer at 700 degrees C in a 
reaction container after growth termination and among nitrogen-gas-atmosphere 
mind and forming p type layer into low resistance further, as shown in drawing 1 , 
the front face of n mold contact layer 3 exposes. 

[0046] p pad electrode 10 which consists of Au for bondings is mostly formed by 
0.2-micrometer thickness after etching on the p electrode 8 and the p electrode 8 of 
the translucency of 1st p mold contact layer 7a of p mold contact layer 7 in the 
maximum upper layer which contains nickel and Au of 200A of thickness on the 
whole surface. The n electrode 9 containing W and aluminum is formed in the front 
face of n mold contact layer 3 exposed by etching on the other hand. In order to 
protect the front face of the p electrode 8 finally, after forming the insulator layer 
which consists of Si02, a scribe separates a wafer and it considers as the LED 
component of 350 -micrometer angle. 

[0047] In the forward voltage of 20mA, as for this LED component, an emission 
peak wavelength shows 370nm, Vf is 3.8V and an output is 2.0mW. The optical 
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ejection effectiveness of LED of an example 1 becomes about 2.5 times to that in 
which the conventional n mold and p mold contact layer do not contain aluminum. 
As mentioned above, a radiant power output can be raised by the ability of a 
self-absorption to be further prevented [ since ohmic contact becomes good, Vf 
equivalent to the former can be maintained, and ] according to the 
above-mentioned component structure. 
[0048] 

[Effect of the Invention] As mentioned above, without n mold contact layer and p 
mold contact layer worsening ohmic contact aluminum presentation ratio, high 
impurity concentration, and by constituting p mold contact layer from two-layer 
further, this invention can prevent a self-absorption good, can raise optical ejection 
effectiveness, and can offer the good nitride semiconductor device of a radiant 
power output 370nm or less. Furthermore, with Mg concentration of n mold and p 
mold contact layer, and combination with a specific cladding layer, in addition to 
prevention of good ohmic contact and a self-absorption, prevention of a crack etc. 
becomes good and this invention can obtain a better radiant power output. 
[Brief Description of the Drawings] 

[Drawing l] Drawing 1 is the typical sectional view of LED which is the gestalt of 1 
operation of this invention. 
[Description of Notations] 

1 ... Substrate 

2 ... Buffer layer 

3 ... n mold contact layer 

4 ... n mold cladding layer 

5 ... Barrier layer 

6 ... p mold cladding layer 

7 ... p mold contact layer 

7b ... 2nd p mold contact layer 
7a ... 1st p mold contact layer 

8 ... p electrode 

9 ... n electrode 

10 ... Pad electrode 



16 



09) up) 02) Q qgf §^ & $g (a) (.nmmmm^mm^ 

4#UB200i -203385 
(P2001-203385A) 
(43)£tBB H ¥fifcl34p 7 H27 B (2001. 7. 27) 

(5D intci. 7 mmn f i *-T3-r(##) 

H 0 1 L 33/00 HO 1L 33/00 C 5 F 0 4 T 



tffjR«©&6 OL (3- 8 H) 



(2i)tags#^ 


#8(2000- 10346( TOCOO- 10346) 


(71)fflBtA 000226057 






BJE^XMH*^^: 


(22)tltBiB 


¥/£12*F 1 £ 17 B (2000. 1. 17) 








w&mm mm xit 






«&!RW¥gmJi*Wlffl491S«100 Bant 












F^— A(##) 5F041 AA04 Mil AA31 CA04 CA05 






CA34 CA40 CA65 CA85 CA87 









(54) \$m<o&m mm*m&5m9 , '(*-\ s - 



(57) 

[f§8fc#K] Stt«*«»3Kt-^»«3&«3 7 0 n mm 

Ga,- s N(0^a<O. O 5 ) £-&X-C'3r.?> Jg 1 COP 

^JgliOpSn^^^ hJlfc®LTpM^»£3Fll<0 
p In v * ? h Jf J; 0 flSftTCA* L A 1 £j£Jt*<£ 1 
tfOpS^y^^hJgiOSfV^AlbGaj.bN (0<b< 
0. 1 ) Sr#^'^r-g»«2^pS3>'^^h«i:*^^ 

**» A l d Ga,. d N ( 0<d<0. D^Atth. 



1 0 




m 
m 



r- 
m 

O 
O 

< 



!(2) 001-203385 (P200 1-203385A) 



[ mmm i ) mwitiz . ^ < t «, n £9Kftft¥*ac 

mEZfi&Mifi* ?ift^a*3 7 0 nmfilT«)»fl: 

pappwftSrWittrc*^rr*A i ,Ga H N (o 

Sa<0. 05) Sr^T*4SBl<0pa!3^^ FJB 
t , flTEffi 1 0 p ? F JB<oat£JSfflJtc» 1 «0 p 

£0pl3^? hJli 0«V%A 1 tGa^N (0<b< 

o.i) *^Arz%hw>2.<nvW.-3v-? ■? vm'tti>hi& 

l>nl3^?MA5. Al d Ga,. d N (0<d<0. 

i ) 2:#AT-=3r^ £ fc tmtkT&mfcwmtmxr 

-f*-F. 

[»*JS2] ffrfBplKffit^-r^lglOpSrjy^^ 
h/I* { s piTOfelxi0 19 -lxiO"/cm 3 
#*LT3:££ t Sr^fi&fc-r&MefcJBl ClSl^ltt 

[f**J»3] Mie^2c7)pM3>'^^ FS#. p.I^ 
Wk* 1 x l 02o/cm3JilT#*LT^r^>Ii;^#£g! 

t m&m i x(± 2 (ciemcoe-ft^^^t^-f * 

— F. 

CIS*3S4] mriepSrJ^^^hSlcfcttS^lOp 

-Ari. 1 ), 2t>izm2<7)v>m^>'?7 bmcommtf. 

4 00—2 0 0 Ot^hD- A.X'h&Zt&WWLt 

-rsnt^js i fcies5<?)M-f^^##:5^^w f . 

[fifths] mUnMxy?? hmt>K nlBfii^ 
1X1 O^—l x l 0 19 /cm3-£-:|rL,T3:&C:i:£!Rf 

F. 

tc, A IjGa^jN (0<e<0. 3 ) **X,T$:SJ» 

>97 bmtcomiZ^ AlfGaj.fN (0<f<0. 
4 ) 5r IR 2 a24Hft¥*fMI 2r*^-S £ i: £ 

F. 

[^ofiBiKriKgn 

[00 0 1] 

(led) , rr-f^r-K (ldi , ±mmm. 
*yr-%£e>mftm^. ^m^zmm^tthm^m 

^MfdnjAljGa!.,.^, 0SX. 0SY, X 
+Yg 1 ) fcHU »t=. %dtV-9mk1)<3 7 0 nm 



[0002] 

4. Wifcf, J5J3ft9. g68t. AI2-9- (19 9 
9). Pi 5 2— P 1 5 5tett, t7T>f7«feiC, 
GaNA' 7 7ri, nIGaNay^?M (§IJ»:4 
jum) , nlAlGaN?77Kf, 7yK-7InG 
aNC0?Stt« ( I n«J0Mi«i:/tiMfE7) , plA 1 G 
aN?^-y F*. P lGaN3y^?M (WM : 0. 

^fef— ?#*3 7 1 nmC0*^(c(i?Btfcfi** J 5mWT 

Wi n SLRtf p 3 >- * ? F mtfi G a N 4 sfc g 

3*rO>4&. mz, -lO^ffi^coiRT^KihL, 56® 

l/?9\-m*. A 1 GaNtf SifcT-aeiSIR^RSili 
T'# 4 £ t *>'^ng$ixT ^£ . 
[0003] 

Se®JRSr+^tc|5&ih-C^SSJgl3A 1 *MJt<7)«v^A 
1 GaNt3^? hJlSrJ&R^-tf&i:. 

5 -y ? SMfcG^W ^>ix» < S . £ cOMS^ . S ^> 
< » A 1 G a Nfim&mz F— htO^vS^^gi^ 

£ tT F— h«03pSttfla&*^ tsi"— 5 y ^ 

[0004] &tz£t,t,Z^ ay?? h«5rGaNt LT 
£fc t#i.^ix4*>\ M^.(i"pMn^^^FJlc7)MJW5: 

sm § its HKc&ffeMrae fc ^ h t mzmm s -fr^. £ t 

[0005] £C7)J; 5 tc. ft*ftfBteiiJti»Jtt-jj' 
3 7 0 n mJiTFOfBfe^W jT— F T'ii , r? >- ^ ^ 

GaN^J;-|,eeL©JR$rReil:-rS^46tc, ftry^; 
F^2-A 1 GaNfc LT^?-ti-i,i:^--5 vtngS&p) 



!(3) 00 1-203385 (P200 1-203385A) 



®.m<om±bmz*- == >y ^mm^^mz-r^ z t tm 

[0006]KT, *»Ditf>SWli, 5 >y 

^»f*SBt^ F £ b X$> & . 

[0007] 

( 1 ) MSLBc, 4»5r< 1 1 nM&fMfe¥&ft*. *S 
^fcfe^T, WEStt*^ «*e-^Jft«3&«3 7 0 n 

Ga,. a N(0Sa<0. 0 5 ) SrllvLT'Sr&Jil 1 <D P 

1 «j£Jb&*SS 1 OpftaV^ ? hJli O^V^A 1 b G a 
,. b N (0<b<0. 1 ) *^t*4H20pl3>' 

A l d Ga,. d N (0<d<0. 1 ) ^-^■AT-^ri.C: 

t zftmkT&mfcwmftz&tyj f. 

(2) mnipwmtmT&minpm^y?? hm 

*>\ pI^M» 1 X 1 0 19 ~1 x 1 0»/cm3M 

Lx%&zk&&mt-r&mn ( i ) \,z=m<r>mm* 

(3) tfrlE|g2c7)pS3>'^^ h®*^ Pl?*fil5: 
1 x 1 0*°/cm*&.T^L-X%:&Zk : $:<&WLt^-& 

Hfrte < i > xi± ( 2 ) ^iBieoa-fb^^^r-f * 

— F. 

(4) ffiiEpanv^^FJlfcitJtt&aiKOpan^ 

zt>izm2<r)pw.a>7? hm&mmnK 400 

-2 0 0 hn-A-c&4; t ^tattSf 

te ( 1 ) tffitt<oafls»*im»«ci63i5^>f f. 

(5) HuffinMrJ^^^ nl^il^ 1 x 1 
Oi'-l x 1 0'9/cm3-&:#LT&££fcSr#$?i:-r 

* luie ( 4 ) iz&MnmiVfa^mikmtyj f . 

(6) mflB^ttSfc nl^y^^ FJlfcco^tc. A 1 
c Ga,. e N(0<e<0. 3) mt^S^lOgft 

mtomz^ Al f G a| . f N (0<f<0. 4) £-£vt, 

mz < i ) tisaofi^fciBFNMStftjbifi^-f 3!--f. 



[0 0083 o£>,, nwny?7vmzn 

fe<T)A 1 fflj&fcbtf^^&A 1 GaNt U pi 
=f^^^h«Sr. p i^Hriftft tffc < A 1 *Ij£JtO/h 

a i m8tifc<D&^w,2<7)pw^>?9 hmtfrt>&m. 
u pm^wfoi&&<7)-m\<->miP)ay?7 hmzp^M 

tmt&mtzmtiLLX*&Z.tiz£*) ^ 

^^if^^t^— ?JfcR#3 7 0 nmJjn^afWW** 
WZ&tyj F *» 4 £ fc **T* # & . £ £ T\ sfcJMB 

tc*>v^Tti. pm^yfrhmic&ft&pm^wfamg. 
[0009] *?mb#u;. mzLtz ± 3 t=#K:ssfBR 

«t o T 5 v ?jgM<0«T£ 51 * JB £ -T m-> 
^AlMJt^AlGaNtL, ^^Cpfny^? 

fefi^* 4 * < a 1 fflfiicjtoiKv ^> P "k ^iop 

S20pl3^?MfCpi3>'^^ 
tm?>-&hit2>Z\bX\ *-$>y?WMtf&1&X\ B.O 

[0 0 10] §i?>t. *^BJtfcV>T. ^ltfOpSrJV 
^^hJl*i, pl^ttftJrlXlOis-lXlO^/c 
m 3 , jfi;L<li5xl0 ! »~5xiO 21 /cm3ML 

3|s:%BJ^*3V%T, IS2(7)pM3>'^^hJi 
pI^M8)5: 1 X 1 0 2 °/c m3tlTs M± L<lt 
5X10 18 -5X1 0'Vcm 3 MU^i:, ^tF 

iftmmft-t&tztbizpm^y?? hmnmm&mK l 

[00 11] £fiiZt>t,Z$:$ttyt,Z&\^X. pmi>97 

hmizMf&micDpmay?? hmcommtK 100 

-5 0 0*y^hD-A. «F^L<Jil 50 —300 
*«ta«Wfc/h$ < i> t ft^ . p mffii: O^-- 

Stt^fftt&ii:^, z t>t,zm2(7)pm^y? 
■rhm^mw-tf. 4 0 0— 2 0 0 0^-^Xha— A x 
i?SL<ii8 0 0— 1 2 0 0jf>-i/Xho— 2±X'$>h 

t, gn.v&wzw}±x-£z>kmz^ m7-i?m*w$f-th 

<r>t,zft£. Liv, 

[0012] MIC, *§%Hg {ii A 1 £*X,T5r4 nl3 



'(4) 001-203385 (P2001-203385A) 



0 19 /cm 3 , #4L<tel X 1 O 18 — 1 X 1 0 19 /c 
*m&L. f^a}^£ft±2^ft;M?£L^. i^J: 

itrhlW::. ^-S-y^jtM&t^^v^G&ih, 

[ 0 0 1 3 ] Stc, ^BJiti, tti3£4£J|£: nl3 V? 
^hJlt^ra^. Al.Gai-.N (0<e<0. 3) * 

ttli:pl3^?'Mt«:, Al,Ga,. f N (0 
< f < 0 . 4 ) £-£//C=5:ft m 2 aSfcft¥aM*B £3r 
-Tft t , vSlt^^co^-v 'J T^Htii#>£ .SECT'S , 
f&JKffi*l«i±c0j«TW4Lv^ St. SS 1 «0M-f fc!&j¥3* 
«E«S^2^M^^f*«^-?-ix-r^A 1 fflj£Jt 
£-L!e«gffii U 1515^53^^^ MOA 1 mUtBCLf 

#{frJf«;, ?9>y FJlt LTOjeWtSrW-rSOT-, 

^tj±, kit, is i nma&mtm* ni? ^ 

•y FS , » 2 »H<ffc»m*ttJi«: pI; 7 <y HJi t 
ft. LA>U £ft«®5g£ixft*><D-m3:V^ 
[00 14] 

i^Mcomtmmmi JiTR~, hi Srfflv^T^^Srse 

^y7Tl2> Al d Ga,. d N {0<d< 
0. 1 ) ^^T'^rftiiMrJ^:? h«3, A l 0 Ga 
i_ e N (0<e<0. 3) 2r-£7CT'&-ft ni? 5 -y KJ1 
4. In,Ga,. ! N(OSg<0. 1 ) 5 , A 

ItGaxN (0<f<0. 4) £-grA,T'3rft pI^ 9 
•y KJ16, A l„G ai . b N ( 0<b<0 . 1 ) £^T' 
%&M2cr)pm^y?7hM7bk^ Al a Ga!- a N 

(0Sa<0. 0 5) $r-^/t,T-^r^ail«pMrJ>-^^ 
M7atK^5pS3^7 h*7£««J&K£-£ 
T3r9 , 3£fttr-?jfcf|#3 7 0 nmfilTOBflfllJ^J* 
#*f-tf*fem£*l-0 , >ft <> -f- L-Ts nMnv^^hS3 

W7icowcfa®-rft. 

[00 15] [n!3^7 NJ13] J&fSK&W?, 
nl3y^7 hJB3 i: LTJi, iKc< HAl d Ga,. d 
N ( 0 < d < 0 . l,*f£L<(±0. 01<d<0. 0 

5 ) j#msift!twi#itfts. a i muttfi 

*3Ji, nSPRKft* 1X1 0^~1 X 1 0 19 /c 



m3, fi:L<l±l X 1 0 18 — 1 X 1 0 19 /cm3OigJK 

*ffl»-&*>-*4 4: , ge©«£(%±T'£ ft 

5 v^^i^^^-y^lSfeihtfO^T'^L^. nST*^ 

i: LT(4, WWWetFiVfirw^. flfcttf, S i, Gelg 

3«oMW±. ^-PfiS^^v^'. o. 1-2 0^ 
ff*L<. ±0»4L<J41~1 0^mT*4. I8U5#* 

[00 16] [ P I3^? h*7] ^HJtc^^-c, 

ft pSPf*R«j«8DWe< A 1 ajaJt^fiv^lB 1 cOpM=J 
V? ? 7 a , P I^MSA«fi< A 1 mmtcr> 
»\,m 2 O p 13 >f 7 hm 7 b t tf>bM&LZ1\X V ^ 
ft. ^ctai:, pS^Wft»EfcAliajiRlb&«iWr& 
2^co*T'pffi3>-^^ hJi7 Sr»*fft ifcK J: 
IfSl^PitfrJ^^hJ^aT-mi^-S-y^ig 

O^StZpSn^^^ NM*»HSEfft"«^. m2c7) P M 
3>-^^ h*7boMJ¥^J¥< Lfc«^Tfc. Alffiefe 
ib*^^OTie©JK2rl»ih-rft i b ft . r>4 
0, plny^; hg7tli, ^r-S -y^ffiMSrttft^: 
*hcr>micr>i>m^>??hm7 at, Se©JtKSr|5&jht 
**«fe3R?We<0«a*T* ftSJgt3jR^2r5I«-r&^^ 
c0^2c7)pM3>'^^ h«7bi:i02Ji*»4>*ft. JilT 
tcmi<7)pS3>-^i7 hS7 a&^2c0pSny^? 
h^7btCOV^TIttBJ-rft. SliOpIa^? HJ17 
ati, W$2c7)r>W^>-?? h^7 blcit^T^Mt^S 

[0017] CltfOid^lcTipS^^^iy M7at 
LTti, A l a G ai . a N ( 0Sa<0. 0 5, i?£L< 
liO<a<0. 01) Sr^-C^rftm^^fWSt:^ 

tf ft i fc ft . a i «j?ScJt#±!aiGH-e& ft t p s 

SrRSihTS, pmmt -y^«M*»fti 
fc*«Tt*F4L^. mi«OpSr7>-^^ha7a 
^'_hie^@fflrtT-A 1 *IC2r^T'^ft @e©IR^I55 

fc. mic?>pm^>'?7hm7 acoAimmmz. its 

ISHrtT-, S2WpS3y^7M7b(7)A lfflfiSUrbJ: 

■m^ftJ^tcp^fi-ft. 

[0018]^l«Opl3y^^ M7a«pl« 

•y ^^M3&^SfW#^>ixft^K*Wi L< , mnt'Mfo 
mzii. lxio 19 -lxio !! /cm',ff^L<(i 
5xlO !0 ~5xlO !1 /cm 3 t*S. pM^*fi!Hjii 
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mcvmm~c$>tiixj:<. mtam/ttrnzn. 100—5 

0 O^^I-u-A, L<«il 5 0-30 Ojfy 
/xbo-^Tl)5. d<7>=fc 3 SrJSUre Alffi 

[00 19] S^cOpMni"?? l-*7bi: LT 

11 Al k Ga,. b N(0<b<0. l,Sf^L<(±0. 

oi<b<o. 05) *^"c**aYt» i m»MiT , ft 

5. Al fflj£it# 1 JLiEKB-C& & i; „ nln^ni 
<0«^ fc PWC S B»K«0l».ifcOj£-C# £ L < , $ h 

ftX*W,\<r)vM^>?9 hM7 a.&K>ii<*$ l £olzm 
^20pM3^^^hJ17bi7)pM^M!t?!J?l 

xiOVcm^OT. »4L<!i5xi0 18 ~5xi 
0 19 /cm3-C*l>. pM^WIS^'Jiie^ST-^^ 

t . ^mm&coBmzkz ^m^m±^x'is-t 

Jiie®Hl^micOpM3>'^^h*7aj;0<S?t 

[00 2 0] S2^pSny^^ hS7 b^IIJ: LT 
l±, WtZmfeZix^^tf, ®2^)pl3y^?M7b 
iMOO-l 2 0 0*y^hn-A, ML<li80 
O-nOO^Xho-ATM. SS2(7)pM3>' 
^^M7b <OlKff36*±IBI6Ht k * S £ , S BStJR £ B& 

fcjSTCIfriU*. pMn>:?^hJi7^^$ixi>pa 

[00 2 1] pSa>-^i7 hJf 7Sr*f^; 

■r&mc7>pM3>-:?? h@7ai:Sg2<7)pS3>'^^ 
h®7 bii, iiefc^L^rJ: o ^mftittt^A 1 ffl 

■C^1(7)pI3V^^ M7 a*-'. aS2(7)pM3y^^ 
h« 7 b tc*t LT . TOfitt»*W*< T A 1 Sfij&Jt* 1 ® 
< i 3 (=ms ?n§ -1 i: Z'&tf Zcm%k*'&h Z t & 
X%Z>„ {KC pl3y^?M7J, A 1 ffljj!cJt<7>ffi 

•T&fc, :t-S>y?«Mi±&#T'£>oTi>. Se©*K?) 
B&ihti-HMdJBTSfflrV^. $ y 7m&£2i 



^>9 9\-mi\±. pIWWS* s S<A1 ffljSJtcO 
/h£v^?l (Oplny?^ t-jf 7 alcJ: OUSFSr^-S 

•y 7&m&%hiX, p STOffll^jfcWBK A 1 fifigJt^ 
^US2<?)pI3>'^^ K«7bl:J;0@e©JR$rRe 

$ -y 7 fc g e®itKc7)l?)5jh £ ZixZfticnm Cio 
T#£J:3fcr«§j£LT^.S». ^LTISl^pMnv^^ 

t=f^ffl t-T „ JSHBF&sj— 5 >y ^Sflifc BEWRcORfciLfc: 

ITC* 0 , * feSH'flBtWt p fiWfBtC J: 9 =f#tc p HI 
Oftif & 31- — 5 >y ? Jgj&i: P fflW a e^^Bftib**** 

[0022] iJtS&C iiecOioCnM^y-^^ h 
«3<7)A lffl^Jt2r^-r-l»C:i:. L< liA 1 

^ 7 5r pI?««IOftlU 1 fflfiSUtcOiS^ 
Mi 1 <0 P M 3 ^ b Jl 7 a i: P M^RKMWK3bHS< A 
1 fflfSit«01ftV^2(7)pM3>'^^ h®7 b tX'ffiffct 
hZt, &mx-&t>l£&k. 5f- S •y?»fl4cOffiT£ i 7l 

c o o 2 3 ] miz. viTizmttffi&t&zco^&m 
iz-i^xmw-th. 

TCI, RIXttAffi5:±ffittSt7T^ 7. 

ffi. S iC (6H, 4H, 3CSr*t») . S i, Zn 
O. GaAs. GsLNmn^foWMZm^&ZttfX' 

[0 0 24] V^-v^tMI^ immzii\\X. /S-y7 
ri2 5:Lm Ga b Al,. h N (fILh{±0<hSl 
<OfflfflX'$>&. ) *^=5rSlftftfi#T^0. 

<«A i <7>m&W'i^^mmzzm£k&<o&.w&$mk. 

^O. i:'9*F*L<«GaN*^^r^^'>y7rii2*^ 

(f^.ix&„ ^'/7Tm2c?>mmi&. o. 002—0. 5 

Aim, ffiL<{iO. 0 0 5 — 0. 2^m, StjffJL 
<(S0. 0 1—0. O 2//m^HtCiaa-f4 <> A'77 

^tny- ^iffc^rO. ^N' y 7ril2±t;^§-y: 
*SaflSH^»fl^ttatfeW«»Sn* . ^-y 7rm2cr> 
mM&mi&. 200 — 900°CT'£)9, /ff4L<«40 
0— 8 0 0°C^*gfflCi^-r&. flR«8BLK*«±l2«HT- 

B&LTt J; v^. 

[002 5] [ tiffin >-^? hfl 3] ±iB<Ona:RKfli 
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■k^CD A 1 G aN *&/JT'tc&miVWtmWVhh . 
[0026] [nf^77 F®4] ^f&BJJtfcV vC . n 
^ •/ FJ14 1 LTli. vStt/i 5ctv-?>- F^> y 

& U AUGa,.,N (0<e<0. 

3,0^L<(iO. Ke<0. 2) <7)i><7>tfmffi>tl 
£>. nI?5yW, d<?5 J: 0 =5rA 1 G a N#>£>&-.|> 
&^^co*^VT&fflC&fr&&Xlif£. LV>„ n 

tiO. 0 1—0. l^mT&O, <t»9»4L<(i0. 0 
3 — 0. 0 6/imtlil.. ni?77h'10nI^|$!ft 

msat. mzm^ti^^K jff£L<(xi xio"- 

lxioVcmSffcO, iOift L<{11 x l oi« 
— 1X1 O'Vcm^T'J,?,. «|lM* s :£OSIt' 

[0027] ni; ^ y HJBtt, JilBcO <£ 3 «0 

&mmmcr>ig,Sl±, _hf£<OA l e Ga,. e NJ:, *tl 

c^/h^lVf i; LT{±, I n k Ga,. k N 
( 0<k< 1 ) s Al'jGa^jN (0S.X1, e > 

an o o^^-xho-AJiTF. &iL<{47o^r>'^ 
xhn-AHT, i 0*f* t<Jii 0— 4 o^v^-XF 

> F^f r y TX^/P^-cO/h § I, 5r £ JWMMTC 

F^> y y^^/l-^—co^ V 
?v^jg<o^< b i> ^-rtifr— ^nM^M^S- F — 7* 

V ^B&l*/h $ v ->«coM*C F —y~-f& *§-£-t±, F - 

[0028] im&§ 5 ] **KHfc::l3 WC , 5 t 

LXii, «*t-^«ft**3 TOnmlilTt^SJ; 33: 
M^IWSMftf^ns, #iK{iIn s G 
a,. ! N(OSg<0. 1 ) aSMBfe4±*fr*<4fcfr £>*X. 

tcZlzm^ I n*fil£ifc£/F§ < LTVK^ I n«jSJt 

ift>ix. ffilifcflff* L<«0. 001 — 0. OljumT 
#>0, JcO^fSfclXiiO. 003 — 0. 007umX'$> 

t=» JifSI n g G ai _ s N£#FJ!£: LT. 

O'O F3^ 77x^^-A^| v^flfiJcj^&S P$M 



[0029] ttl. -i£&mcr> I nfflj£it<Df)I!gfc LT 
lis . ^^-^1^3 7 0 nmiiLTfc$r& I nffij£ 

tl&tl<Sb. '&^<T>^-)V^— (E A) #1 nGaNiOA' 

y^t7nw- (Eg) J:Ot^:#<^0. ff- 
tt*b'1>>t>7&*t>e>tiZ¥&mg:£y) . MfeftfI0^^7 

[0 03 0] [SMkflWfcttraSl 

Eg=(l-x) 3. 40+1. 95z-B Z ( 1 - 
«) 

ifcft (nm) =1 24 0/Eg 

Eg: I n G a N#F*^<>- F =Sf-V y TX.*)V*?— 
% : I nOffl^Jt 

3 . 4 0 ( e V ) : G a NcO-ZSV -y 7'a:^/Udr— 
1. 95 (eV) : I n U<r>f^ F^r-v-y rx^- 
B : ^i7-ys-5^ — ^— ?r^L, l-6eVtf 

ft3fi«oWSiS-e(i. SIM s^-Sf^r ^*>fe." flaaiteftt: 

M^*^V^{5^LT 1 eVt^^xTV^c* 4 . I nfflfiic 

m**). i eva±b%&zb&wt>frb&'>x£x*<^ 

[003 1 ] ±EOi 3 fc#Plf7)S I M SftVr&k'fr 

mmzftMisittzbzcoftnm&bizii^ 
Mtfh&i>cr>cD, mn^&W£&imwth%L^kb-%& 
&oi,zwmi-£ti&« 

[0 0 3 2] IpMfy y F«6] *!%BJtt3V^T. p 
S?5-y Ki6tLT(i, vgtt® 5W^H^ -;7X 

*^ 4FiL<{±. AlfGa^fN (0<f<0. 4, *? 
^L<(±0. 15<f<0. 3 ) 0>t>0>WWfe>tL&. 
pS^7 7F1*\ «T<7)J;3^rA 1 GaN*^^r^i:. 

7 >y FflKOMIWi. :»^RB^$n^rV>*^ ifi L<1± 
0. 0 1 — 0. 15^mTJ,0. «tO»*L<{iO. 0 

4 — 0. 0 8jumT£>-g>. pl?7? FSO p M^Mfe 
«S(±, ^t=RB^$^V^, JffiL<lilxi o>5- 
1 x 1 02i/cm3-e£>9, iWiL<i±ixio ls 
-5xiO"/cm3T^S. p M^*e«8JK36«±effi 

[0033] pI«7 FJlti. ±120 j; 3 ®<7) 
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ZmmmtOtibSH. -he<9Al f Ga,- f Nfc. *tl 
%^i|S|«C I n k Ga,. h N ( 0Sk< 1 ) , A 1 s 

Ga,.jN (osj<i, f > j ) &mf hixh. &m 
*s^«jft<io*&iix —mnmw-tf i o o v o- 

AJilT, «iL<{±7 OaJ-^-XMa— ABIT, * 9# 
£L<(2l 0—4 O^y^hD-Afc, iSl^ffltitS: 

[0 0 34] [ P l3^? h«7] ±iecr)pM^M^ 
tt<7)A 1 G a N WMt^SPttT?** . 

. [0 0 3 5] ±£, ^tfel^, P^St/nti 

WLKrf. Sbfct— ?»*&<3 7 0 nmtlTt, _hlE<0 

[00 3 6] ifc, «8WO*Tt±, Pli^pML 

6. T-->J>-y«Slt LTJ^ WHFJf52 54 0 7 9 1 
*(dE«S*vO** J: ^ fc, *lffij&R&fc J: pI? 

mmmiz^mi^^^^mm^, 4oot 
mm y ? A^t-^**^^*** ffi-r- 1 t3 j; >, 

[0037] 

[0038] C^JgfifH 1 ] Hi, 01 comm* 
(36*1 )t7r^7(CI) J: OSrSffiSl 

[0039] (^77rl2>»^ 



5 1 0*CT, ryt-rtTMG ( FU.X-f-/k#y<7 

m 2 o o * v y*. r- v-A.<7>mmT'&-mm±& . 

[0040] ( nMn>-^^ hi!3 ) i^tCl 050*CT- 
TMG, TMA ( F •J.XfvPTA'SX^A) , T^^E— 
7, (SiH 4 ) SrfflVK SiJ5xl0' 8 /c 

m3 H-7UniAl 0iM Ga,. M NJ;iJ*6nl3 

[004 1] ( nl; 9 y FJf 4 ) 105 OXrC'T 
MG. TMA. ryt-7. ^9>-£ffl^ Si^5x 
1 O^/cmSF-TUnlA 1 0 . 18 G a 0 . 92 N J: <0 

[0042] (vSttJf 5 ) <WC^fg»H^4'. 7 0 0°C 
T'TM I , TMG S T>-^:^7*2rfflV^ 7>H-7In 
G a N ± 9 & *5 5*>yxY u — A tOfflUTC 

I nffifigJtl^ »J^^F5r«g=Sr^JKtcm* 
(«Ii:A,i:-fe'o) 

[0043] (pS^77HI6) Wc**fi^pp> 

1 0 5 0*Ct'TMG, TMA, T^-T. C Pj Mg 
(y^n^y^y'x^/^yW) Mg£ 
1X1 0»/cm3 H-7*L^A 1 0 . 2 G a 0 . 8 N X *)?C 
Z> pM?7 -v KJB 6 £ 6 0 0 ^y^xh n— AcoJKilT' 

[0044] (pIny^;M7)Sv^T, pI?5 

•yHil6±^. TMG, TMA. T>^:— T, Cp 2 M 
s^fflV^T. Mg£lxl0'Vcm 3 H-7UcAl 
o. 04Ga 0 . 96 N J:0^rS^2£7)pM3>-^i7 M7bJ 
0. lx*m<0RaETfl6*S*. -eof^. ^Xc7)o£S^i)f 
SUMg^2xi O^'/cm' K-7LfcA 1 0 . „ G 
a„. 99 NJ: *y%h j m'2<r)vW-n>97 YM7 b$-o. 0 

[0045] jRJWSm*, S«»HSv4». ^i-^SrR 
JtBWSffl*llcfcv^-r. 7 0 0"Ct'7x-iJy^ffu, P 

KOffiL. tiiWpiny?? hm7cr>m.Wlzmfe<0 
mW.<n-?*7*mWLL. RIE (MJEtt-f^-^-y^^ 

la i tc^-r x a k n m > ? 7 v m 3 <nmm s- ss ttj $ 

[0046] 17^/^ aiMtC^^P^n^^^ 
M7^1(OpI3^^ M7 aO(Iia'^®^C]Kff 

2 0 0^T>^'X ho— A<7)N i t Au Sr-^-tfjaTtttcOp 

list, z-cDpWMs^itztf^? ■< >ym<vAu i 

v^Sp^7 K^fiil 0 S* 0 . 

3co«®fc{iwhA 1 z-ktsnmm9£Mm.T&<, mm 

T35 0/im^LED*^tf|,. 
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[0047] dOLED*-?{±|II^r[6)mEE2 OmAtCfc 
WC N ^f-^tfi^3 7 0nm5:SL, Vf{±3. 
8V„ tti^{i2. OmWC*li„ ^M^IlOLED^ 
KDffiLS&W. fifcfc^nM&t/pMrJV^ hm&A 

1 ^^-C'V^^tc7)^LT(5^2. 5fgt3:&. IS 

mm * i»±t- # & £ & t'^3te ai^i £ § & c t #t 

[0048] 

i-mat/pM^^? hiisr a i m&ft^mmm. 

lR*E6ihL-r3tK"5ajLSWs*|6lJbS-frs 370nmtl 
& . Kfcl^S&BHli, n SRtfpla ? h /to 



*f&m-~mfc<wm'?*> & l e d <t> 

[»#<^i»HJ] 

1 • • • £ts 

2 . - ■ 

3 ■ • ■ nl3>^? hJf 

4 • • • nS?^ HJB 

5 • ■ • vSttii 

6 • • • pi??? 

7 • • • pI3>^; ha 

7b- • • #2<50pS3>-^>7 n 

7a- • • Sl£Opl3^? Nil 

8 • ■ ■ pflffi 

9 • • • nfi 

10... ^'y KHfii 




